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CRIMINAL RESPONSIBILITY
The Durham case' has revived the controversial issue of criminal responsibility. The proponents of M'Naghten's rule, the right and wrong test, still maintain that it is scientifically adequate, founded upon necessity, and dictated by the experience of mankind.
2 Inherent in this position is the concept that criminal responsibility is a legal and not a medical problem and that wholesale acquittals under Durham will endanger society. On the other hand, Durham, the so called "product of mental disease" test, to which has been added in some cases the idea of "irresistible impulse," maintains that insanity is basically a medical, not a legal problem, that the M'Naghten rule ignores medical developments of the past century, and that the "right and wrong" test should be discarded in favor of the "product of mental disease" criterion.;
This article will concern itself with proof of criminal responsibility under any of the pre-' Durham v. United States, 214 F. 2d. 862 (C.A.,
D.C. 1954).
2 See People v. Ricks, 327 P. 2d. 209 (Cal. Apps. 1958); State v. Goza, 317 S.W. 2d. 609 (Mo. 1958) .
A very searching analysis of the adequacy of M'Naghten is contained in the recent case of Sollars v. State, 316 P. 2d. 917 (Nev. 1957) , motion for rehearing denied 319 P. 2d. 139 (Nev. 1957) .
• Durham v. United States, 214 F. 2d. 862 (C.A.D.C. 1954); Commonwealth v. Chester, 150 N.E. 2d. 914 (Mass., 1958); State v. Pike, 49 N.H. 399, & Amer. Rep. 533 (1869) .
New Hampshire was the first state to be influenced by the teaching of Dr. Isaac Ray, the eminent English psychiatrist, that insanity is a medical problem. As early as 1869 New Hampshire abandoned the M'Naghten rule and in its stead introduced the concept that an accused is not to be held criminally responsible if his unlawful act was the result of mental disease or defect. Under the New Hampshire rule, insanity is not defined as a matter of law but in effect is made a question of fact to be determined by the jury as any other fact would be determined.
vailing tests by the use of electroencephalographic studies.
HISTORICAL ORIGINS OF THE ELECTRO-

ENCEPHALOGRAPH
The electroencephalograph, hereinafter referred to as EEG, is a modern scientific, medical instrument which records the brain wave patterns of individuals.
While the EEG was developed after 1929, Galvani, the Italian scientist, as early as 1790, demonstrated that: (1) contraction of muscles will occur on electrical stimulation; (2) during a contraction of a muscle by use of external force, an electric current is generated. 4 Later in 1875, Caton in England was able to show that the exposed brain of a rabbit produced electrical disturbances, which could be graphed and recorded., However, while there was some work along these lines, it was not until 1924 that Hans Berger, a German psychiatrist, visualized the process of recording brain waves and using the records obtained to analyze specific psychiatric problems. Berger's publications on the subject, beginning in 1929 and ending in 1939, have earned for him the title of father of electroencephalography.1 
THE BRAIN WAVE RECORDER
The EEG is an apparatus for making graphic records of the actual electric potentials of the human cerebrum. Two or more electrodes connected to the instrument are placed on different parts of the skull or scalp. The difference in potential brought about by electrical action within the brain is traced by styluses writing with ink on a continuous paper strip. The EEG is a rather complex electronic instrument, an integral part of which is a powerful amplification system necessary to record the small voltages occurring across the electrodes placed on the skull. (See figure 1) . In essence the EEG records both the cyclical activity and amplitude of brain wave patterns of the human being. In other words, the EEG records permanently and in readable form the electrical oscillations of the brain due to the electrical activity of the cortical cells.
A study such as this can only skim the surface with respect to the subject of brain wave patterns and their significance. Medical men, however, will agree that in general a normal brain wave pattern in human beings is discernible and that all other patterns are considered abnormal. By way of illustration, Gibbs teaches us that the rhythmic activity of the cortex of the brain ranges from below 1 cycle per second to above 100 cycles per second, and the voltage range is from I microvolt (one millionth of a volt) to 1000 microvolts. Adult normal persons will show a frequency range of 8Y2 to 12 cycles per second and a voltage range from 5 to 50 microvolts; also many types of injury to the brain, such as trauma and infection, will slow or speed up the electrical activity of the cortex. 7 According to the Gibbs classification, an EEG with a dominant 8%/ to 12 cycles per second activity and no abnormal slow or fast activity is classified as normal for adults, all others being abnormal. At the other extreme, organic damage to the brain will slow cortical activity, and a slow or very fast EEG suggests an epileptic diathesis or an organic brain disorder., The dart or spike and dome configurations of the brain wave pattern with increased activity in cycles per second is quite characteristic of certain types of epilepsy.
9 (For characteristic brain wave patterns, see figure 2) . Obviously, what is a normal EEG depends on a great number of factors, beyond the reach of this article. That many variables will affect the results as recorded by the EEG is obvious. The observations of Gibbs on brain wave patterns are illuminating:
1 Brain Wave Patterns. A diagrammatic illustration of various types of brain waves as recorded on EEG tracings, the x or horizontal axis being the time base and the y or vertical axis the amplitude of the wave. (1) and (2) represent normal alpha 9-11 c/s rhythm. (3) and (4) demonstrate various types of "slow waves" from 3 c/s to 6 c/s, the type of cerebral dysrhythmia seen after cerebral concussion. (5) represents the isolated "spike" found as a sign of focal irritation of the underlying cortex. The lack of definite standards with respect to these four points is an important objection to the use of the EEG and has led to the charge that interpretation of such graphs is a matter of individual uncontrolled judgment rather than scientific certainty. As a matter of fact, the accuracy of measurements on the EEG depends largely on the recorder's skill, care, and knowledge of the various variables involved, including the particular position of the electrodes with respect to the lines of force in the electric field. Therefore, any absolute measurements of voltage on the EEG are nearly impossible. ' But there is a disagreement as to whether the EEG can detect functiomal disorders. One school of thought in the medical field has claimed some degree of correlation between the abnormal EEG and the functional disorder of the human being.2 A review of the medical literature indicates that most medical authorities shy away from any conclusion that the EEG will reveal functional, as distinguished from organic, disorder in the individual. Rowntree has characterized this viewpoint in these words:
"Electroencephalography is of value in the diagnosis and localization of space occupying brain lesions, in the diagnosis and classification of epilepsy, and in the localization and prognosis of head injuries. It is of some value in certain organic diseases of the nervous system, mainly as an index of cortical involvement, in the diagnosis of mental diseases with an organic basis, in medicolegal cases and in the diagnosis of barbiturate intoxication. Ap. 5, 1952 Ap. 5, , p. 1255 [Vol. 50 raphy in the fields of organic mental disease is acknowledged, there is, as yet, no convincing evidence of specific EEG abnormalities in functional psychiatry disorders, nor is there any evidence that the incidence of EEG variability is any greater in patients with such disorders than in the general population despite the numerous reports in the literature to the contrary. These divergent views in the EEG literature are not only confusing but indicate a pressing need for all workers to agree on accepted normal EEG controls against which to check their respective findings." 24 Fetterman and Victoroff have concluded:
"The EEG has taken its place with the ECG (electrocardiograph) and other devices as a research and diagnostic instrument. Properly integrated with other clinical laboratory and survey procedures, it can help in removal of persons from jobs they should not hold, evaluate mental capacity following a brain injury, detect latent cortical seizure states such as epilepsy, estimate the effect of environment and toxic agents on cerebral function and separate some hysterical from organic disorders. In medicolegal cases it is of special value in the determination of mental capacity in testamentary cases, culpability in criminal cases, latent and actual cerebral damage in compensation cases and malingering in litigation claiming loss of vision, hearing or tactile sensation."
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THE EARLY USE OF THrE EEG IN ENGLISH CASES
The use of the EEG in criminal cases to prove or disprove the sanity of an accused was a logical development arising out of the studies and demonstrations of Hans Berger. However, as pointed out by Gray:
"The study of criminals is among the most 24 HUGHES, JOSEPH, Electroencephalography, Vol. Three English cases, all decided in trial courts, illustrate the early use of the EEG in the determination of criminal responsibility. An English soldier, who had fired a rifle at a corporal, claimed that he had no knowledge of the affair and suffered a head injury a few hours previously. Apparently, the attack was without motive. An EEG showed abnormalities compatible with head injuries, and the soldier was discharged. In another case a brutal and apparently purposeless murder was committed. The accused claimed that the act was performed in a period of postepileptic confusion. The evidence of epilepsy was tenuous, but an abnormal EEG was produced. The medical expert testified that an absolute diagnosis of epilepsy could not be made on this evidence, as no subclinical attacks were seen, but he concluded that the EEG made the diagnosis of epilepsy likely. The accused was found "Guilty but insane", 27 and so escaped capital punishment.H In another case, a 20 year old student was charged with the murder of his mother. Prior to the time he had killed her, he had drunk 4 pints of beer. He had no recollection of the killing. Two medical men gave him the same quantity of mild beer and upon examination, they found that the accused's blood sugar content was lowered when tested with the EEG while under the influence of this beer; the results indicated that the brain waves were erratic and definitely abnormal. The jury, studying the EEG, was apparently influenced by its findings and found the accused "guilty but insane '.29 No English appellate case, dealing with the admissibility of EEG records in proof of criminal responsibility, has been discovered. In the United States in personal injury cases the EEG has been used rather extensively to prove brain damage.
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While-no reliable source of information seems to be available, the ensuing examination of American appellate decisions indicates that EEG records are used in trial of civil cases on the issue of brain damage and in the trial of criminal cases on the issue of criminal responsibility. Appellate courts have recognized the EEG as valid scientific proof within the rule of the Frye case, 3 ' the polestar which guides the bench and the bar in considering the admissibility of scientific proof.
• CONSIDERATIONS OF COMPETENCY
In considering the admissibility of scientific evidence in general, the New York Court of Appeals in People v. Magri2 recently stated: "Almost daily reproductions by photography ... x-rays, electroencephalograms, electrocardiograms, speedometer readings, time by watches and clocks, identity by finger printing, and ballistics evidence, among a variety of kindred scientific methods, are freely accepted in our courts for their general reliability, without the necessity of offering expert testimony as to the scientific principles underlying them". (Emphasis added.)n This, in effect, says that the court will take judicial notice of the working principles of the EEG and that no testimony of an expert nature is necessary to establish its general reliability and the scientific principles underlying the use of the EEG. This is indeed a very liberal approach to a rather complex problem.
Use in Civil Cases: Practically all of the cases examined related to the use of the EEG to prove brain damage either in a personal injury suit or a workmen's compensation proceeding. The holdings in these cases will give us a pretty fair idea as to the evidential worth of the EEG as an instrumentality of proof.
The case of Egelston v. Industrial Commission of Arizona 3 ' involved a situation in which a claimant, seeking compensation for head injuries, introduced the results of a pneumoencephalogram, which is essentially an x-ray of the skull and brain, after removal of spinal fluid from the brain. The results showed some injury to the brain, according to one medical witness, but the Industrial Commission refused to make an award to claimant on the basis of what it considered doubtful evidence. Moreover, the Supreme Court held that it was not error for the Commission to deny claimant's request for another similar test at the expense of the Commission. In the pneumoencephalograph, damage to the brain is ascertained by reading various shadows appearing on the x-ray of the brain whereas in the EEG, no x-ray is involved, the EEG brain wave patterns furnishing the scientific clue as to cerebral injury. Nevertheless, it is important in the study of our problem, to bear in mind that the pneumoencephalograph method is available, although it does involve a painful operation, which the EEG does not. Betz v. Travelers Ins. Co.,-is a good illustration of the use of the EEG to prove brain damage in workmen's compensation proceedings. Applicant had been given an award as a consequence of an explosion on the employer's premises, which explosion caused plaintiff's head to be thrown against the ground. Applicant was not satisfied with the award, and subsequent to this determination Dr. P. examined applicant by means of an EEG, found abnormalities present, and concluded that the EEG was strongly suggestive of localized brain damage. Dr. K., basing his conclusion on the EEG, found that applicant had suffered some injury to the brain. The Court of Appeal of Louisiana, First Circuit, remanded the case to the District Court to allow the plaintiff to take the testimony of Drs. P. and K. as to such EEG for the purpose of'showing whether plaintiff suffered any brain damage, reserving to defendant the right to introduce similar evidence.
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Snyder v. Jensen 0 also involved a personal injury case. Plaintiff was a passenger in an automobile and sued the host driver for a permanent brain damage. Plaintiff's medical witness, Dr. M., as part of his medical examination, ordered an EEG. This was done under his direction at Washington University School of Medicine, St. Louis, the doctor being in charge of the department of neurology and psychiatry. Dr. M. interpreted the EEG graphs and made a finding indicating a disorder of 43 all the EEG tests bore notations identifying them as ones taken of the plaintiff. Dr. Gibbs, at the trial, testified that when the tests are made he sets up prescribed conditions which give objective findings when extraneous radiation disturbances and patient disturbances are held to a minimum; that the particular tests are made when the patient is asleep and this was true of the plaintiff; that the tests were made by a technician under the direction of Dr. Gibbs. There was also testimony that experts can tell from examining the tracings whether the results of a given test are valid.
The Illinois court held that the testimony of Dr. Gibbs justified the inference that the machine was properly calibrated and in proper functional order and that the graphs were made under competent technical care. The court also rejected the argument that the technician who made the EEGs should be produced in view of the fact that Dr. Gibbs himself authenticated such documentary proof. The court also held that another neurologist, in answer to a hypothetical question, including the testimony of Dr. Gibbs that the EEG showed permanent brain damage, could testify that there was brain damage. A reading of the opinion indicates that the court was impressed by such testimony and affirmed the award in favor of the plaintiff.
The necessity for calling a neurosurgeon in addiIt See also Louisville and Nashville Railroad Co. v. Tucker, 262 Ala. 570, 80 So. 2d. 288 (1955), in which an award of $50,000.00 for permanent brain injury was upheld on the basis of EEG and other evidence in the case.
42 151 N.E. 2d. 128 (Ill. Apps. 1958). 13 Dr. Gibbs is the coauthor of the most comprehensive work on the EEG; see Note 7, supra. tion to an EEG expert was recently considered by the Texas Civil Appeals Court in Lantex Construction Co., v. Lesjal." The case involves a typical brain injury situation, plaintiff striking his head after he fell off a scaffold, into which defendant's truck had run. A Professor P., an expert at making an electrical diagnostic test on an EEG, 4 5 testified that he made such test on the plaintiff and that it reflected brain damage. He also stated that he was not a neurosurgeon and could not say what might have caused the brain damage. The EEG testimony was admitted. Plaintiff had intended to put on a neurosurgeon, but never got around to it. However, a medical doctor on behalf of plaintiff did testify that as a result of the fall plaintiff was rendered unconscious, that he did foam at the mouth; that he remained unconscious for six hours; that as a result of the accident plaintiff suffered from headaches and loss of memory and that he did have a brain concussion. The Texas court, in upholding the right to have the EEG received in evidence on the theory that the EEG findings were compatible with the doctor's observations, -concluded: "Consequently, the electroencephalogram having been identified as that of the plaintiff and offered by a competent witness, and there being supporting testimony that plaintiff had sustained a concussion in the fall, the jury were entitled to consider the testimony." 46 An analysis of these decisions would seem to indicate a rather liberal attitude on the part of the courts in admitting the results of EEG tests in civil cases. Will the same principles apply in criminal cases on the issue of criminal responsibility?
Use in Criminal Cases: The admissibility of the EEG on the issue of criminal responsibility was considered for the first time by an appellate court in State v. Shiren, 47 decided in 1951. The accused was indicted and convicted of an assault and battery and causing death by reckless driving of an automobile. The state contended the defendant was intoxicated. The accused's defense was illness, which caused him to "black out", and defendant offered to prove that his doctor performed an EEG on him; that an EEG discloses any abnormalities in brain wave pattern and ordinarily will reveal whether one has suffered a stroke depending upon -315 S.W. 2d-177 (1958). 45 The opinion does not indicate whether the expert was a medical doctor. 48 is important. In a Wyoming prosecution for murder, defendant entered a plea of insanity. Pursuant to the statute, the court directed defendant to be taken to the state hospital for mental examination. He was subsequently taken to the office of Dr. P., a neurologist and neurosurgeon, Salt Lake City, Utah, where Dr. P. took an EEG of the accused while the latter was awake. There were no facilities for taking an EEG in Wyoming at that time. Dr. P. testified that the test showed no abnormality. He admitted that the test was better while the patient was asleep, but he concluded that taking the test while the accused was awake made no difference in this case. The appropriate hypothetical question put to the doctor included the findings of the EEG. The doctor concluded the accused was sane.
Defendant objected to the EEG test on the ground that it should have been given while he was asleep, but the court held there was sufficient evidence beside the EEG to warrant a conviction. As to defendant's complaint that he should not have been taken out of the state for the purpose of taking the EEG, the Wyoming court held that defendant's lack of objection to the EEG test was a waiver and that the test was actually taken for the benefit of defendant. The court also held that such taking of the test did not violate the Fifth Amendment, and that the physician-patient privilege did not apply because the doctor was not accused's physician.
This case sustained the use of the BEG to prove that the defendant was sane, although experts for both the state and defendant relied on EEG findings.
Although the authorities in the criminal field 11298 P. 2d. 349 (Wy. 1956 ), rehearing denied 300 P. 2d. 567 (Wy. 1956 ), cert. den. 352 U.S. 981, 77 S. Ct. 384, 1 L. Ed. 2d. 366 (1957 .
In the recent case of State v. Goza, 317 S.W. 2d. 609 (Mo. 1958) both the state and defense experts relied on EEG tests. Defendant was convicted. The Supreme Court of Missouri affirmed without discussing the evidential aspects of the EEG, although it refused to accept as conclusive the defense medical testimony that the EEG showed brain damage. [Vol. 50 are few in number, one can conclude that the EEG has been accepted as a scientific instrumentality of proof on the issue of criminal responsibility. Obviously, in considering the admissibility of an EEG in a particular case, the court must consider the limitations of the EEG. If they are substantial, then the evidence is incompetent; if trivial or of minor consequence, the courts will undoubtedly admit the evidence and instruct the jury that the limiting factors may affect the weight of such proof. made an interpretation of the test; that the EEG pattern showed a brain abnormality that was probably of organic origin, resulting from brain trauma; that Dr. D. could not state from her findings that the defendant did not know the difference between right and wrong; that the findings did not indicate any mental disease in Carlson; that disturbances of the type she found in Carlson are found in individuals who have an organic condition acquired early in life from one of several causes plus emotional background consisting of instability of the individual's environment; that such a person has an impulse to carry out the act and has no control; that he will carry out the act to completion because he has no control; and that the EEG tracings arise from the organic cause and that the emotional factors cause the rage reaction; that these individuals do not have normal control.
The trial court sustained the state's objections upon two grounds: (1) The results of the tracing would be of no probative value except preliminary to further testimony; and (2) that if the findings tended to prove that any misconduct of defendant would be attributable to irresistible impulse rather than lack of ability to distinguish between right and wrong, her testimony would not be relevant 9 93 N.W. 2d. 354 (Wis. 1958) .
to the issue of insanity, since Wisconsin follows M'Xaghten. Upon appeal the Wisconsin Supreme Court held: 1. The results of the EEG tests, standing alone without other medical testimony, are of no probative value. The court pointed out that here there was no medical opinion offered, based on the EEG, the facts as to defendant's background and early life, and circumstances of the alleged offense, as to defendant's mental capacity or condition at the time of the offense, defendant then being 17 year's of age.
2. The results of the EEG test, if properly supported by medical opinion, are admissible on the issue of insanity even in a M'Naghten state, if they reasonably tend to show the mental condition of the defendant at the time of the offense. In reaching its conclusions, the court makes no reference, whatsoever, to any authorities on the subject.
SUMMARY
On the basis of the cases decided by the appellate courts to date, we may say with absolute confidence that the EEG, when used to prove or disprove organic brain damage or epilepsy, has passed the test established by the Frye case.
0 Certainly, we may say that for this particular purpose the EEG has "gained general acceptance in the particular field to which it belongs". However, the EEG, though persuasive, does not ipso facto prove or disprove organic brain damage or epilepsy and, by inference, sanity or insanity. The EEG is only a diagnostic tool used by the medical man to reach a preliminary conclusion whether there is or is not organic brain damage or epilepsy, and a final conclusion whether the individual is sane or insane. The observer medical witness must still rely on his general observation and examination of the patient, who, as the psychiatrists say, must be considered as a whole. The pure expert, basing his conclusions not on observed facts but upon facts assumed in a hypothetical question, must arrive at his opinion on the basis of all the evidence pertinent to a particular hypothesis, including the results of an EEG test. In other words, the EEG can only be interpreted with the aid of case histories and clinical findings.
Moreover, the EEG merely proves that there was or was not organic brain damage or epilepsy 0 Frye v. United States, 293 Fed. 1013,* 1014 (C.C.A., D.C., 1923) .
in the case of a particular individual. Here again to reach the conclusion or opinion that a particular individual was sane or insane, the opinion of the medical man will have to be based on proven case histories and clinical findings of the individual, including the results of the EEG studies. Obviously, as appears from our study of the English cases, the findings of the EEG have a very persuasive effect upon the jury.
We have a more serious legal problem when we consider the EEG findings to prove or to disprove a claimed functional psychiatric disorder, as distinguished from organic brain damage or epilepsy. The disagreement among the medical authorities has already been noted and in itself should be sufficient reason why EEG results as to functional psychiatric disorders should be excluded, until such time as such test is generally accepted in the field. We know that many of our criminals are psychopaths suffering from afunctional and not an organic, disorder.5' For this reason alone, the courts should exclude EEG tests to prove functional disorder, until such time as the scientists themselves can agree on their value in this field. It should be pointed out that none of the courts has considered this specific problem.
Assuming that in general an EEG test is admissible, certain preliminary requirements must be satisfied. The general principles and reliability of the EEG need not be proved by expert testimony, as the court will take judicial notice of them, if the view of the New York courts is accepted as controlling. The test must be identified as being those of the particular individual involved and 11 See SULTHERLAND, EDwiN H., AND CRESSEY, DONALD R., PRINCIPLES OF CRIMINOLOGY, pp. 117-137 (5th Ed. Lippincott Co., N.Y., 1955). must be authenticated. Authentication includes proof that the machine was properly calibrated, in proper functional order, and manned by competent operators. A properly trained technician may make the test and may testify as to the significance of the findings. However, a medical man is still necessary to interpret the findings with reference to the particular individual involved, as that is a medical question. A doctor, under whose direction and supervision an EEG is taken, can authenticate such graphs, without calling the technician. Under some decisions EEG records made in the regular course of business are admissible under the regular entry statute.
It is very apparent, on the basis of past developments, that the EEG will continue to assume a dominant role in the trial of criminal cases in which the issue of insanity is in the picture.
Several questions are raised by this study. There is an indication in the literature that the EEG is useful in determining barbitrate intoxication.
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Might not experimental studies be made to determine whether the EEG could be of help in determining alcoholic intoxication and whether the EEG may be used in conjunction with other machines now in general use in the field, such as the Harger Drunkometer, the Intoxicometer, the Alcometer, and the Breathalyzer?
It also seems quite logical to suggest that brain wave patterns of persons subjected to the standard lie detection tests now in use should be studied on an experimental basis to determine whether there is any correlation between conscious deception and the form of the brain wave.
